Background: The promotion of patient safety and drug safety through promotion of pharmacist's drug safety practice was among the most important aims of China's health delivery system reform, but regional inequity in pharmacist's drug safety practice was still serious in China.
Background
The promotion of patient safety and drug safety through promotion of pharmacist's drug safety practice was one of the most important aims of China's health delivery system reform [1] . At the national level, Ministry of Health, State Administration of Traditional Chinese Medicine, and State Food and Drug Administration issued many policies on strengthening drug safety management in pharmacy, improving drug safety related pharmacy service quality, and establishing/improving control system for the management of drug safety related pharmacy service quality, in the project of Hospital Management Year pharmacist's drug safety practice was also especially emphasized [2] [3] [4] [5] [6] [7] [8] . Although these policies and measures promoted pharmacist's drug safety consciousness and improved drug safety related pharmacy service quality to a certain degree all around China, due to serious regional inequity in economic resources and medical resources, the attention paid to the promotion of patient safety and drug safety through promotion of pharmacist's drug safety practice varied across regions [9] . In fact China's regional inequity in both economic resources and medical resources was really serious because of a vicious cycle of three synergistic reasons: regional market failure and insufficient regional government stewardship, regional inequitable distribution of social determinants of economic resources/medical resources, and regional public dissatisfaction with the fairness and trustworthiness of economic/medical resource allocation system [10] . In this context, due to different degrees of regional market failure and different levels of regional government management capacity, different degrees of secondary distribution adjustment for regional inequitable distribution of social determinants of economic resources/medical resources, and different degrees of regional public confidence in the fairness and trustworthiness of economic/ medical resource allocation system among different districts of China, the efforts in promoting patient safety and drug safety through promoting pharmacist's drug safety practice were significantly different among regions [10] [11] [12] [13] [14] [15] , and regions with higher per capita GDP and more abundant medical resources usually performed better on the promotion of patient safety and drug safety through promotion of pharmacist's drug safety practice than regions with lower per capita GDP and less abundant medical resources [9] . As researchers have already pointed out, regional inequity in pharmacist's drug safety practice was still serious in China [16] [17] [18] [19] [20] [21] [22] .
Many previous studies separately found that pharmacist's drug safety knowledge, drug safety attitude, and drug safety environment (involving facility and equipment, regulation, personal pressure and fatigue, hospital management quality, hospital drug safety culture, and drug safety culture of work team) were major influencing factors for pharmacist's drug safety practice both at the national level and at the regional level [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] , but the regional differences in major influencing factors for pharmacist's drug safety practice haven't been studied under a systematic and comprehensive framework, and then the relative importance of influencing factors for pharmacist's drug safety practice among different districts of China wasn't clear [9] .
Some previous studies further subdivided pharmacist's drug safety practice into detailed aspects, most of them only focused on pharmacist's basic drug safety practice (including drug management, pharmacist's dispensing behavior, and medication error recording and reporting) and its major influencing factors, while little study focused on pharmacist's advanced drug safety practice (including medication error analysis, sharing and correction, and implementation of drug safety system and measure) and its major influencing factors [9, [23] [24] [25] [26] [27] 29, 30, 32, 33, [35] [36] [37] [38] [39] . And there was no previous study which explored regional differences in major influencing factors for detailed aspects of pharmacist's drug safety practice in China [9] .
Besides shortcomings and deficiencies mentioned above, there were several other serious problems with these previous studies: most of these studies obtained their conclusions only through qualitative analysis and authors' experiences, while little study adopted strict quantitative analysis, and their conclusions were usually drawn on the basis of a small range of pharmacists, then the robustness and universality of their conclusions remained controversial [23, 24, [26] [27] [28] [29] [30] [31] [32] [34] [35] [36] [37] [38] [39] .
Aim of the study
Under the background of China's health delivery system reform, in order to find the most effective ways to promote patient safety and drug safety through promoting pharmacist's drug safety practice among different districts of China, this study first carried out the 2011 national patient safety and medication error baseline survey, and then through analyzing dataset from the survey, this study tested both China's regional inequity in pharmacist's drug safety practice and major influencing factors for pharmacist's drug safety practice among different districts of China. On the basis of main findings, inspirations on regional differences in effective ways to promote patient safety and drug safety through promoting pharmacist's drug safety practice were also found for China's future health delivery system reform.
Methods

Data
The 2011 national patient safety and medication error baseline survey was carried out by the patient safety and drug safety research group (this research group consisted of the pharmacy department of Peking University Third Hospital, the science and technology development center of Chinese Pharmaceutical Association, and Tsinghua University). Through the stratified sampling method, 126 hospitals from 26 provinces, autonomous regions, and municipalities directly under the central government were chosen, and among them 112 hospitals responded to this survey (the response rate was 88.89%). 5844 pharmacists in these 112 hospitals were chosen through the stratified sampling design, and among them 1959 pharmacists completed the questionnaire with assistance from the patient safety and drug safety research group (the rate of valid questionnaire was 33.52%).
Questionnaire for the patient safety and medication error baseline survey was designed on the basis of questionnaire for hospital survey on patient safety culture [40] , patient safety/drug safety situation in China, and pharmacy experts' experiences, it contained four parts: the first part inquired about pharmacist's drug safety knowledge (including 24 questions), the second part inquired about pharmacist's drug safety attitude (including 16 questions), the third part inquired about pharmacist's drug safety environment (including 28 questions), and the fourth part inquired about pharmacist's drug safety practice (including 34 questions). Pharmacist's drug safety environment and drug safety practice were further subdivided into detailed aspects: drug safety environment was composed of the aspect of physical work environment, the aspect of self-perceived pressure and fatigue, the aspect of hospital management quality, the aspect of hospital regulation, the aspect of hospital drug safety culture, the aspect of supervisor's work team management, the aspect of cooperation atmosphere of work team, and the aspect of drug safety culture of work team; drug safety practice was composed of the aspect of drug management, the aspect of pharmacist's prescription dispensing behavior, the aspect of standardization of physician's prescription (special aspect since it needed the cooperation of doctor and pharmacist), the aspect of medication error recording and reporting, the aspect of medication error analysis, sharing and correction, and the aspect of implementation of drug safety system and measure. At the beginning of questionnaire, there were detailed explanations for professional nouns in the following questions, and at the end of questionnaire, pharmacists were asked for their personal attribute information involving personal average working load (daily processing of prescription/doctor's advice), personal professional title, and personal professional position. 112 hospitals which responded to this survey were asked for hospital attribute information involving hospital level, length of hospital history, and hospital type. All these selected personal attributes and hospital attributes were considered as possible influencing factors for pharmacist's drug safety practice by the research group, they were split into dummy variables and were mainly treated as control variables in regression analysis, and their detailed explanations could be found in Table 1 .
The use of the dataset was approved by the science and technology development center of Chinese Pharmaceutical Association.
Regional grouping according to regional economic resources/medical resources In this study, according to the regional per capita GDP and the ranking of richness of regional medical resources (calculated based on per capita medical service resources and per capita medical personnel resources in level 3 hospitals/level 2 hospitals) in 2010 (data in 2010 was chosen because the 2011 national patient safety and medication error baseline survey mainly collected information in 2010) [9] , 26 provinces, autonomous regions, and municipalities directly under the central government were divided into 3 groups through clustering analysis (presented in Figure 1 ): Measures of pharmacist's drug safety knowledge, drug safety attitude, drug safety environment, and drug safety practice
The 5-item self-reporting measure that assessed each question in the questionnaire on a scale of 1 to 5 was employed, higher score reflected better performance in the question: the option "excellent performance" was assigned score 5, the option "good performance" was assigned score 4, and the option "general performance" was assigned score 3, the option "bad performance" was assigned score 2, and the option "poor performance" was assigned score 1. Pharmacist's drug safety knowledge, drug safety attitude, drug safety environment/detailed aspects of drug safety environment, and drug safety practice/detailed aspects of drug safety practice were all composed of several questions in the questionnaire, and the weighted average score of corresponding question set was the overall score for pharmacist's drug safety knowledge/ drug safety attitude/drug safety environment or its detailed aspect/drug safety practice or its detailed aspect.
Regression model
In order to test major influencing factors for pharmacist's drug safety practice among different districts of China, the following ordinary least squares (OLS) regression model was separately estimated for different regional groups:
here i was sample number; practice i was drug safety practice; knowledge i was drug safety knowledge; attitude i was drug safety attitude; environment ni (n = 1,2,. . ., 8) were detailed aspects of drug safety environment; z pi were control variables, since selected personal attributes (involving personal average working load, personal professional title, and personal professional position) and hospital attributes (involving hospital level, length of hospital history, and hospital type) may be key influencing factors for pharmacist's drug safety practice, they were all controlled as dummy variables in the regression model; error term E i was assumed to be distributed normal. In order to test major influencing factors for detailed aspects of pharmacist's drug safety practice among different districts of China, the following six OLS regression models (corresponding to q = 1,2,. . .,6) were separately estimated for different regional groups:
here practice qi (q = 1,2,. . .,6) were detailed aspects of drug safety practice; descriptions of other variables were the same as those in regression model (1) .
Results
Descriptive statistics
The descriptive statistics of pharmacist's drug safety knowledge, drug safety attitude, detailed aspects of drug safety environment, drug safety practice, and detailed aspects of drug safety practice were presented in Table 2 .
From the descriptive statistics of drug safety practice/ detailed aspects of drug safety practice, regional inequity in pharmacist's drug safety practice still existed in China, and specifically speaking, regional inequity in all detailed aspects of pharmacist's drug safety practice still existed in China. From the descriptive statistics of major influencing factors for pharmacist's drug safety practice, regional inequity in pharmacist's drug safety knowledge, drug safety attitude, and detailed aspects of drug safety environment still existed in China.
Regression results on pharmacist's drug safety practice
Results of regression model (1) were presented in Table 3 . From the significance and size of the coefficient for drug safety knowledge/drug safety attitude/detailed aspect of drug safety environment, major influencing factors for pharmacist's drug safety practice among different districts of China were revealed as follows.
In group 1, the most important influencing factors for pharmacist's drug safety practice were hospital regulation and drug safety culture of work team, and the second most important influencing factors for pharmacist's drug safety practice were pharmacist's drug safety attitude, cooperation atmosphere of work team, and pharmacist's drug safety knowledge, while hospital drug safety culture, supervisor's work team management, selfperceived pressure and fatigue, and hospital management quality also had significant positive influences on pharmacist's drug safety practice, but physical work environment had no influence on pharmacist's drug safety practice.
In group 2, the most important influencing factor for pharmacist's drug safety practice was hospital regulation, and the second most important influencing factors for pharmacist's drug safety practice were drug safety culture of work team and pharmacist's drug safety knowledge, while pharmacist's drug safety attitude, hospital drug safety culture, self-perceived pressure and fatigue, and hospital management quality also had significant positive influences on pharmacist's drug safety practice, but physical work environment, supervisor's work team management, and cooperation atmosphere of work team had no influence on pharmacist's drug safety practice.
In group 3, the most important influencing factor for pharmacist's drug safety practice was hospital regulation, and the second most important influencing factor for pharmacist's drug safety practice was pharmacist's drug safety knowledge, while pharmacist's drug safety attitude, self-perceived pressure and fatigue, and hospital management quality also had significant positive influences on pharmacist's drug safety practice, but physical work environment, hospital drug safety culture, supervisor's work team management, cooperation atmosphere of work team, and drug safety culture of work team had no influence on pharmacist's drug safety practice.
Regression results on detailed aspects of pharmacist's drug safety practice Results of regression model (2)-(7) were correspondingly presented in Table 4 ,Table 5, and Table 6 . From the significance and size of the coefficient for drug safety knowledge/drug safety attitude/detailed aspect of drug safety environment, major influencing factors for detailed aspects of pharmacist's drug safety practice among different districts of China were revealed as follows.
For the aspect of drug management, hospital regulation and pharmacist's drug safety knowledge were major influencing factors in all three groups, drug safety culture of work team was major influencing factor only in group 1, and hospital management quality had small positive influence on drug management in all three groups.
For the aspect of pharmacist's prescription dispensing behavior, pharmacist's drug safety knowledge, hospital regulation, and pharmacist's drug safety attitude were major influencing factors in all three groups, selfperceived pressure and fatigue and hospital management quality also had significant positive influences on pharmacist's prescription dispensing behavior in all three groups, while drug safety culture of work team, cooperation atmosphere of work team, hospital drug safety culture, and supervisor's work team management were major influencing factors only in group 1.
For the aspect of standardization of physician's prescription (special aspect since it needed the cooperation of doctor and pharmacist), hospital drug safety culture was major influencing factor in group 1, self-perceived pressure and fatigue was major influencing factor in group 3, and both of them were major influencing factors in group 2.
For the aspect of medication error recording and reporting, hospital regulation was major influencing factor in all three groups, drug safety culture of work team and hospital drug safety culture were major influencing factors only in group 1 and group 2, while cooperation atmosphere of work team and supervisor's work team management were major influencing factors only in group 1.
For the aspect of medication error analysis, sharing and correction, hospital regulation, pharmacist's drug safety attitude, and physical work environment were major influencing factors in all three groups, drug safety culture of work team was major influencing factor only in group 1 and group 2, while cooperation atmosphere of work team, hospital drug safety culture, and supervisor's work team management were major influencing factors only in group 1.
For the aspect of implementation of drug safety system and measure, self-perceived pressure and fatigue, pharmacist's drug safety attitude, and hospital regulation were major influencing factors in all three groups, and hospital management quality also had significant positive influence on implementation of drug safety system and measure in all three groups, drug safety culture of work team and hospital drug safety culture were major influencing factors only in group 1 and group 2, while cooperation atmosphere of work team and supervisor's work team management were major influencing factors only in group 1.
Discussion
Main findings of this study
Regional inequity in pharmacist's drug safety practice still existed in China, and pharmacist's drug safety practice in regions with higher per capita GDP and more abundant medical resources was still better than that in regions with lower per capita GDP and less abundant medical resources. Generally speaking, major influencing factors for pharmacist's drug safety practice could be divided into two categories: the first category consisted of pharmacist's drug safety knowledge, drug safety attitude, self-perceived pressure and fatigue, hospital management quality, and hospital regulation, they were usually major influencing factors for pharmacist's drug safety practice/detailed aspects of pharmacist's drug safety practice in all districts of China; the second category consisted of hospital drug safety culture, supervisor's work team management, cooperation atmosphere of work team, and drug safety culture of work team, they were usually major influencing factors for pharmacist's drug safety practice/detailed aspects of pharmacist's drug safety practice only in regions with higher per capita GDP and more abundant medical resources.
The main cause of the above findings was that major influencing factors for pharmacist's drug safety practice in the first category were paid attention to all around China, which induced that the link between pharmacist's drug safety practice and influencing factors in the first category had already been established in all regions of China; but influencing factors for pharmacist's drug safety practice in the second category were paid special attention to only in regions with higher per capita GDP and more abundant medical resources, which induced that the link between pharmacist's drug safety practice and influencing factors in the second category had been established only in regions with higher per capita GDP and more abundant medical resources, and such link didn't exist in regions with lower per capita GDP and less abundant medical resources [9] . Among major influencing factors for pharmacist's drug safety practice in the first category: hospital regulation, pharmacist's drug safety knowledge, and pharmacist's drug safety attitude were always the most important influencing factors for pharmacist's drug safety practice in all regions of China; hospital regulation was major influencing factor for all detailed aspects of pharmacist's drug safety practice all around China; and pharmacist's drug safety knowledge was major influencing factor for both the aspect of drug management and the aspect of pharmacist's prescription dispensing behavior in all regions of China; pharmacist's drug safety attitude was major influencing factor for the aspect of pharmacist's prescription dispensing behavior, the aspect of medication error analysis, sharing and correction, and the aspect of implementation of drug safety system and measure all around China; and self-perceived pressure and fatigue was major influencing factor for both the aspect of standardization of physician's prescription and the aspect of implementation of drug safety system and measure in all regions of China; while hospital management quality had significant positive influence on the aspect of drug management, the aspect of pharmacist's prescription dispensing behavior, and the aspect of implementation of drug safety system and measure all around China.
Among major influencing factors for pharmacist's drug safety practice in the second category: only in regions with higher per capita GDP and more abundant medical resources, both drug safety culture of work team and cooperation atmosphere of work team were the most important influencing factors for pharmacist's drug safety practice, and both hospital drug safety culture and supervisor's work team management were the second most important influencing factors for pharmacist's drug safety practice; hospital drug safety culture, supervisor's work team management, cooperation atmosphere of work team, and drug safety culture of work team were major influencing factors for the aspect of pharmacist's prescription dispensing behavior, the aspect of medication error recording and reporting, the aspect of medication error analysis, sharing and correction, and the aspect of implementation of drug safety system and measure only in regions with higher per capita GDP and more 
What is already known on this topic
Previous studies separately showed that pharmacist's drug safety knowledge, drug safety attitude, and some detailed aspects of drug safety environment (involving facility and equipment, regulation, personal pressure and fatigue, hospital management quality, hospital drug safety culture, and drug safety culture of work team) all had positive influences on pharmacist's drug safety practice [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] , but their influences on pharmacist's drug safety practice haven't been studied under the same framework, and then their relative importance in influencing pharmacist's drug safety practice wasn't clear, most importantly, regional differences of their relative importance in influencing pharmacist's drug safety practice haven't been studied before [9] . For detailed aspects of pharmacist's drug safety practice, most previous studies only focused on pharmacist's basic drug safety practice (involving drug management, pharmacist's prescription dispensing behavior, and medication error recording and reporting) and its major influencing factors, while little study paid attention to pharmacist's advanced drug safety practice (involving medication error analysis, sharing and correction, and implementation of drug safety system and measure) and its major influencing factors [9, [23] [24] [25] [26] [27] 29, 30, 32, 33, [35] [36] [37] [38] [39] . And there was no previous study which explored regional differences in major influencing factors for detailed aspects of pharmacist's drug safety practice in China.
Most previous studies mentioned above obtained their conclusions only through qualitative analysis and authors' experiences, while little study adopted strict quantitative analysis, and their conclusions were usually drawn on the basis of a small range of pharmacists, then the robustness and universality of their conclusions remained controversial [23, 24, [26] [27] [28] [29] [30] [31] [32] [34] [35] [36] [37] [38] [39] , and their conclusions couldn't be directly used for regional comparative study.
What this study adds
The most important contribution of this study was that both China's regional inequity in pharmacist's drug safety practice and major influencing factors for pharmacist's drug safety practice among different districts of China were studied under a systematic and comprehensive framework for the first time. The second most important contribution of this study was that in order to perform the strict quantitative analysis, this study carried out the large-scale national patient safety and medication error baseline survey for the first time in China. The third most important contribution was that major influencing factors for pharmacist's drug safety practice/detailed aspects of pharmacist's drug safety practice among different districts of China were found for the first time in China, and compared with previous studies, the robustness and universality of these findings were much better.
On the basis of major findings, in China's future health delivery system reform, the following inspirations on regional differences in effective ways to promote patient safety and drug safety through promoting pharmacist's drug safety practice were found: major influencing factors for pharmacist's drug safety practice in the first category (involving pharmacist's drug safety knowledge, drug safety attitude, self-perceived pressure and fatigue, hospital management quality, and hospital regulation) should be further promoted in order to promote pharmacist's drug safety practice in all districts of China; major influencing factors for pharmacist's drug safety practice in the second category (involving hospital drug safety culture, supervisor's work team management, cooperation atmosphere of work team, and drug safety culture of work team) should be further promoted in order to promote pharmacist's drug safety practice in regions with higher per capita GDP and more abundant medical resources; the link between pharmacist's drug safety practice and major influencing factors in the second category should be gradually established in regions with lower per capita GDP and less abundant medical resources.
Limitation of this study
Several limitations should be noted. First, the response rate of the national patient safety and medication error baseline survey was only 33.52%, and then the collected sample slightly deviated from the stratified sampling design, which may have slight influence on the above findings. In fact the deviation of the collected sample was that the percentage of pharmacists in level 3 hospitals was slightly higher than the percentage in stratified sampling design, while the percentage of pharmacists in level 2 hospitals was slightly lower than the percentage in stratified sampling design. Second, due to the fact that questionnaire for the survey was designed on the basis of questionnaire for hospital survey on patient safety culture, patient safety/drug safety situation in China, and pharmacy experts' experiences, there may be other potential influencing factors for pharmacist's drug safety practice which were not contained in this study. Third, pharmacist's drug safety knowledge, drug safety attitude, and detailed aspects of drug safety environment interrelated with each other, which may affect their relative importance in influencing pharmacist's drug safety practice/detailed aspects of pharmacist's drug safety practice.
Target audience
Findings in this study may prove useful for both pharmacists and regulators among different districts of China. Pharmacist in different district could find the corresponding effective way to promote her/his drug safety practice through promoting corresponding major influencing factors. Regulator in different district could implement the corresponding effective intervention for pharmacist's drug safety practice through targeted laws, policies, regulations, and measures, for example, promoting hospital drug safety culture, supervisor's work team management, cooperation atmosphere of work team, and drug safety culture of work team through targeted laws, policies, regulations, and measures could help promote pharmacist's drug safety practice in regions with higher per capita GDP and more abundant medical resources, but they could only first help establish the link between pharmacist's drug safety practice and hospital drug safety culture/supervisor's work team management/cooperation atmosphere of work team/ drug safety culture of work team in regions with lower per capita GDP and less abundant medical resources.
Conclusion
This study found that pharmacist's drug safety practice in regions with higher per capita GDP and more abundant medical resources was still better than that in regions with lower per capita GDP and less abundant medical resources, and then regional inequity in pharmacist's drug safety practice still existed in China. Pharmacist's drug safety knowledge, drug safety attitude, selfperceived pressure and fatigue, hospital management quality, and hospital regulation were major influencing factors for pharmacist's drug safety practice in all districts of China, while only in regions with higher per capita GDP and more abundant medical resources, hospital drug safety culture, supervisor's work team management, cooperation atmosphere of work team, and drug safety culture of work team were major influencing factors for pharmacist's drug safety practice.
For China's future health delivery system reform, inspirations on regional differences in effective ways to promote patient safety and drug safety through promoting pharmacist's drug safety practice were found as follows: in all districts of China, promoting pharmacist's drug safety knowledge, drug safety attitude, selfperceived pressure and fatigue, hospital management quality, and hospital regulation could help promote pharmacist's drug safety practice, while only in regions with higher per capita GDP and more abundant medical resources, promoting hospital drug safety culture, supervisor's work team management, cooperation atmosphere of work team, and drug safety culture of work team could help promote pharmacist's drug safety practice. And in regions with lower per capita GDP and less abundant medical resources, the link between pharmacist's drug safety practice and hospital drug safety culture/ supervisor's work team management/cooperation atmosphere of work team/drug safety culture of work team should also be gradually established.
